Recently, new culture devices such as Corral and Primo Vision dishes have been designed for the culture of human embryos to allow the combination of group culture plus follow-up of individual embryos. Bovine inseminated oocytes were allocated to Primo Vision dishes, Corral dishes, individual culture or classical group culture. Blastocyst development in Primo Vision dishes was similar to classical group culture (34.3 and 39.0% respectively), and better than Corral dishes or individual culture (28.9 and 28.5% respectively). In Primo Vision dishes, a higher number of 'slow' embryos developed to the blastocyst stage compared with their individually cultured counterparts, while no differences were observed for 'fast' embryos. 'Slow' embryos in a 'standard drop' had a higher chance of becoming a blastocyst compared with individual culture (OR: 2.3), whereas blastulation of 'fast' embryos was less efficient in a 'delayed drop' than in individual culture (OR: 0.3). The number of non-cleaved embryos in Primo Vision dishes did not negatively influence blastocyst development. Likewise, removing non-cleaved embryos (NC removed) and regrouping the cleaved embryos afterwards (ReGR) did not affect blastocyst development and quality compared with group culture in Primo Vision dishes (CTRL, 31.6%, NC removed, 29.3% and ReGR, 29.6%). The experiments revealed that group culture of bovine embryos in Primo Vision dishes is superior to individual culture, primarily because of the higher blastocyst rate achieved by slow embryos. Non-cleaved or arrested embryos do not hamper the ability of co-cultured bovine embryos to reach the blastocyst stage in group culture.
Introduction
The merit of culturing embryos individually or in groups has been debated for almost 20 years. To date, contradictory reports have been published on the benefit of group culture over individual culture of human embryos (Rijnders & Jansen 1999 , Spyropoulou et al. 1999 , Ebner et al. 2010 , Rebollar-Lazaro & Matson 2010 , Tao et al. 2013 , whereas many studies have described the benefits of group culture for bovine (Donnay et al. 1997 , O'Doherty et al. 1997 , Goovaerts et al. 2009 , Wydooghe et al. 2014 , mouse (Paria & Dey 1990 , Canseco et al. 1992 , Lane & Gardner 1992 , Salahuddin et al. 1995 , pig (Stokes et al. 2005 ) and cat (Spindler & Wildt 2002) embryos. The main reason for this beneficial effect of group culture on animal embryo development has been ascribed to the secretion of autocrine factors by preimplantation embryos, which act upon the embryo itself or on neighbouring embryos (Paria & Dey 1990 , O'Neill 2008 . In contrast, proponents of individual culture of human embryos argue that, regardless of the production of these embryotrophic factors, embryos in groups may be exposed to negative effects of dying or delayed embryos cultured in the same drop (Reed et al. 2011) . In addition, another practical reason in favour of individual culture is the ability to follow morphological changes and development rates in individual embryos, which is of utmost importance in human IVF attempts.
Recently, new culture devices have been designed for human embryos, which allow the benefits of both group and individual culture approaches to be combined. One such device is the Corral dish (Sun IVF, Guelph, ON, Canada), which consists of two central wells, each divided into four quadrants and eight outer wells. The quadrant design allows the free passage of medium amongst the four quadrants, but the gaps between the quadrants are smaller than the diameter of an embryo, therefore individual monitoring is possible. Another type of culture device is based on the Well-of-theWell (WOW)-system, which was developed initially for zona-free bovine embryos (Vajta et al. 2000) . In the bottom of a culture dish, microwells were created by fashioning small, round bottomed cylindrical wells and covering them with culture medium in order to create an optimum microenvironment for the embryo in each well (Vajta et al. 2000) . Over the past decade, WOW dishes have been applied successfully to human IVF in combination with time-lapse photography. Two different models have been employed, the Embryo Slide dish, which allows the culture of individual embryos in microwells (Embryoscope), and the Primo Vision dish (Cryo Innovation Ltd, Budapest, Hungary and Vitrolife, Gö teborg, Sweden) and Eeva dish (Auxogyn), both of which employ the WOW principle to permit group culture of embryos, each held in its own microwell while sharing the same drop of culture medium.
The aim of this study was to examine in more detail the effects of group culture using bovine embryos. Bovine embryos are very sensitive to suboptimal culture conditions and, in general, they develop less well in individual culture (Goovaerts et al. 2012) . We compared the developmental outcome for bovine embryos cultured in these systems, with classical group culture (positive control: used routinely in bovine embryo culture (Fischer-Brown et al. 2002 , Sagirkaya et al. 2007 , Goovaerts et al. 2009 , Wydooghe et al. 2014 ) and individual culture (negative control). Furthermore, by using Primo Vision dishes we could investigate the influence of the developmental stage of the grouped embryos on the final developmental fate of any particular embryo cultured in a group compared with embryos cultured individually.
Materials and methods

Media and reagents
Basic Eagle's Medium amino acids, Minimal Essential Medium non-essential amino acids (100!), TCM-199 medium, kanamycin and gentamycin were purchased from Life Technologies Europe and all other components were obtained from Sigma. All the media were filter-sterilised using a 0.22 mm filter (Pall Corporation, Ann Arbor, MI, USA) before use.
In vitro embryo production
Bovine embryos were produced by routine in vitro methods described previously by Wydooghe et al. (2014) . Briefly, cow ovaries were collected from a local slaughterhouse and processed within 2 h. The ovaries were washed three times in warm physiological saline supplemented with kanamycin (25 mg/ml). The cumulus-oocyte complexes were aspirated from antral follicles between 4 and 8 mm diameter using an 18-gauge needle attached to a 10 ml syringe. Oocytes with uniformly granulated cytoplasm and surrounded by more than three compact layers of cumulus cells were selected and these were matured in groups of 60 in 500 ml modified bicarbonatebuffered TCM-199 supplemented with 20 ng/ml epidermal growth factor and 50 mg/ml gentamicin in 5% CO 2 in air for 22 h at 38.5 8C. Frozen-thawed bull spermatozoa were passed over a Percoll gradient (45 and 90%; GE Healthcare Biosciences, Uppsala, Sweden) and then washed. The final concentration of 1!10 6 sperm/ml was adjusted using IVF-Tyrode's AlbuminPyruvate-Lactate (TALP), which consisted of bicarbonatebuffered Tyrode's solution, supplemented with BSA (Sigma A8806; 6 mg/ml) and heparin (25 mg/ml). The matured oocytes were washed in 500 ml of this IVF-TALP and incubated with spermatozoa for 21 h. This procedure resulted in a fertilisation rate (two pronuclei seen) of 77.1% and a penetration rate (at least two pronuclei seen) of 83.6%, evaluated after Hoechst staining in similar experiments (three replicates) as described by Thys et al. (2009) . After fertilisation, surplus spermatozoa and cumulus cells were removed by vortexing and the inseminated oocytes were transferred to synthetic oviduct fluid supplemented with essential and non-essential amino acids (SOFaa) plus 0.4% BSA (Sigma A9647) and ITS (5 mg/ml InsulinC5 mg/ml transferrinC5 ng/ml selenium). The number of inseminated oocytes per group and the volume of culture medium they were incubated in depended on the experimental set-up.
Experiment 1: comparison of different group culture systems
A total of 1572 bovine oocytes (four replicates) were randomly allocated to four experimental groups as detailed in Table 1 . Two of the systems have been approved for use in human embryo culture (Primo Vision dish and Corral dish; Fig. 1B and C) and the other two systems (group and individual cultures; Fig. 1A and D) had been tested previously in our laboratory (Wydooghe et al. 2014) . It should be noted that in this experimental set-up, the differences in embryo density are uncontrolled and may be a significant confounder in the interpretation of the data.
Experiment 2: influence of non-cleaved embryos in group culture
After fertilisation, all inseminated oocytes (nZ629, five replicates) were cultured in Primo Vision dishes. During the course of the experiments, the Primo Vision dish was modified from that designed for ten embryos to one designed for nine embryos arranged in a 3!3 raster. In Experiment 2, therefore, all inseminated oocytes were cultured in groups of nine, with each of them in one microwell, and immersed in 30 ml SOF medium. At 45 h post insemination (hpi), embryo cleavage was assessed, and three experimental groups were created in which: i) no additional handling was performed (CTRL), ii) noncleaved embryos (NC) were removed and iii) non-cleaved embryos were removed and the cleaved embryos were grouped together (ReGR).
Evaluation of embryo development
At 45 hpi, embryo cleavage rate was evaluated as the percentage of inseminated oocytes that cleaved. The kinetics of cleavage was also assessed and embryos that had proceeded to the third cleavage division (five to eight cells) were classified as 'fast embryos' whereas those that had reached only the second cleavage division (two to four cells) were categorised as 'slow embryos' (Vandaele et al. 2007) . The percentage of inseminated oocytes to reach the blastocyst stage of development were assessed at 168 and 192 hpi and at the latter timepoint the percentage of blastocysts that had hatched from their zona pellucidae were also recorded.
Evaluation of embryo quality
At 192 hpi, all the blastocysts were fixed in 2% paraformaldehyde (w/v) for 20 min and subsequently subjected to differential apoptotic staining to assess the quality of their morphological development (Wydooghe et al. 2011a ). This involved double immunofluorescent staining with firstly, CDX2, a transcription factor uniquely expressed in the trophectoderm (TE) cells, secondly, with active caspase-3 which plays a central role in all apoptotic pathways. This staining was further combined with a Hoechst nuclear stain. This method allowed simultaneous evaluation of three important parameters of embryo quality: i) the total cell number (TCN), ii) the proportion of cells of inner cell mass (ICM ratio) calculated by subtraction of the number of TE cells from the TCN, divided by the TCN and iii) the percentage of apoptotic cells (apoptotic cell ratio (ACR)). In addition, the absolute ICM-number (calculated as TCNKTE) and apoptotic cell number were also counted.
Comparative efficiency of group vs individual culture methods
Comparison of the embryos in Primo Vision culture dishes with those cultured individually in Experiment 1 gave valuable insights into the group culture phenomenon. Therefore, retrospectively, blastocyst development at 192 hpi for those groups cultured in Primo Vision dishes vs those cultured individually was related to whether the embryos had been 'slow' (two to four cells) or 'fast' (five to eight cells) developers at 45 hpi, and what effect, if any, the number of neighbouring embryos may have had on the rates of blastocyst development of both 'fast' and 'slow' embryos. Similarly, did the stage of development of neighbouring embryos in Primo Vision dishes improve or impair blastocyst development. Finally, the effect upon the embryos of being cultured in a 'standard' or a 'delayed' drop was investigated, based on the developmental stages of the nine embryos in the group. The definition of 'standard' and 'delayed' drop in the Primo Vision culture at the different time points was based on the development of embryo in the control group (classical group culture; Table 2 ).
Statistical analysis
To analyse the data on embryo development in both experiments, a binary logistic regression model of IBM SPSS Statistics 19 was used, with group and replicate as fixed effects. A Bonferroni's correction was used to correct for the multiple comparison. Significance level was set at a corrected P value !0.05. Data concerning the embryo quality such as TCN, ICM ratio, ACR and absolute ICM-number and apoptotic cell number were analysed using a mixed model ANOVA, with group as the fixed effect and replicate as the random effect. Since the data concerning ACR in Experiment 1 were not normally distributed, a log transformation of the data was applied in order to obtain normally distributed (KolmogorovSmirnov test, P value O0.01) and homogeneous data (Levene test, P value O0.05). Evaluation of the strengths and weaknesses of group culture was carried out retrospectively using the data from Experiment 1. All variables were tested simultaneously using a binary logistic regression model of IBM SPSS Statistics 19, with group and replicate as fixed effects. A P value !0.05 was considered statistically significant.
Results
Experiment 1: comparison of different group culture systems
Embryo development
The embryo culture system did not affect the embryo cleavage rate at 45 hpi. Similarly, no differences were observed in the proportion of 'fast' (five to eight cell stages) and 'slow' (two to four cell stages) embryos (Table 3) . Blastocyst development at 168 hpi was not significantly different between the culture systems. At 192 hpi, however, a higher proportion of blastocysts were observed in Primo Vision dishes compared with individually cultured embryos and those cultured in Corral dishes. Blastocyst development at 192 hpi in Primo Vision dishes was not different from that in the classical group culture system. No differences in hatching rate were observed between the culture systems investigated.
Embryo quality
Embryo quality was evaluated by measuring three parameters simultaneously: i) the TCN; ii) the ICM ratio as the number of cells of the ICM compared with the TCN and iii) the ACR. 
Efficiency of group culture vs individual culture methods
In total, blastocyst development was compared for 245 'slow' embryos in Primo Vision dishes and 242 'slow' embryos cultured individually; 75 'fast' embryos cultured in Primo Vision dishes and 77 'fast' embryos cultured individually. The higher rate of blastocyst development at 192 hpi observed in Primo Vision dishes compared with individual culture was due mainly to a significant increase in the development of 'slow' 5) . Depending on their position in the Primo Vision dish, individual embryos could be accompanied by 3, 4, 5, 6 or 8 adjacent embryos, defined as 'neighbours' (Fig. 3) . The proportion of 'slow' embryos that reached blastocyst stage at 192 hpi were higher for Primo Vision dishes than for those cultured individually, especially if they were surrounded by four to six neighbours (Fig. 4, part 1) . For fast embryos, however, the number of neighbours in Primo Vision dishes did not affect the proportion of embryos that developed into blastocysts (Fig. 5, part 1) .
In addition to the analysis of the effect of the number of adjacent embryos, the effect of the developmental stage of the 'neighbours' at different time points was also examined. This involved looking retrospectively at the developmental stage of neighbouring embryos at 45 hpi and recording the percentage that were non-cleaved (unfertilised oocytes or arrested embryos) designated as neighbours with delayed development. We analysed whether the percentage of neighbours with delayed development for embryos cultured in a Primo Vision dish (containing either 0-25, 26-50, 51-75 and 76-100% non-cleaved or arrested embryos) affected blastocyst development at 192 hpi of both 'slow' and 'fast' embryos vs embryos cultured individually. Blastocyst development of 'slow' embryos was enhanced in Primo Vision dishes compared with individual culture when !25% of the neighbouring embryos were non-cleaved at 45 hpi. However, when more than 25% of neighbouring embryos were non-cleaved at 45 hpi, development of 'slow' embryos to blastocyst stage was not different from the rate of 'slow' embryos cultured individually (Fig. 4, part 2A) . For 'fast' embryos, the proportion of neighbouring non-cleaved embryos did not reduce blastocyst development compared with individually cultured 'fast' embryos (Fig. 5, part 2A) .
Using the same approach to analyse the influence of having adjoining embryos showing a standard rate of development (i.e. 'fast' cleaving embryos at 45 hpi and embryos reaching the blastocyst stage at 168 and 192 hpi), it transpired that when either 0-25 or 26-50% of the neighbours of 'slow' embryos were 'fast' cleavers at 45 hpi, a higher rate of blastocyst development by 'slow' embryos compared with their individually cultured counterparts was observed (data not shown). On the contrary, for 'fast' embryos, the proportion of 'fast' cleaving neighbours did not influence the blastocyst development at 192 hpi compared with individual culture (data not shown). The proportion of neighbours of 'slow' embryos that reached the blastocyst stage at 168 and 192 hpi (Fig. 4 , parts 2B and C) are likely to be less important; all the categories scored better than individual culture, except for the group of 26-50% of the neighbours developing into a blastocyst at 192 hpi. For 'fast' embryos, on the other hand, no differences were observed between the individually cultured 'fast' embryos vs those cultured in groups; however, a higher number of embryos are needed to confirm these observations (Fig. 5, parts 2B and C) .
Finally, examination of the effect of being in a so-called 'standard' or a 'delayed' drop showed that the number of non-cleaved embryos in Primo Vision dishes was not associated with a reduced rate of blastocyst development in group culture; this was the case for both 'slow' and 'fast' embryos. When a Figure 2 Embryo quality in the different culture systems: total cell number (TCN) as the sum of trophectoderm cells (TE; dark grey) and cells allocated to the ICM (calculated as TCNKTE) (light grey), ICMratio (filled triangle) and apoptotic cell ratio (ACR; filled diamond) of blastocysts collected after 192 hpi and differential apoptotic staining. Embryos were cultured in classical group cultures, Primo Vision dishes, Corral dishes or as individuals; differences between the different culture systems that were significant (P!0.05) are marked with a different superscript. (Fig. 4, part 3D ). By contrast, 'fast' embryos did not show a higher rate of blastocyst development at 192 hpi following group vs individual culture, regardless of whether the embryo resided in a drop with two or more non-cleaved embryos (Fig. 5, part  3D ). The number of 'fast' embryos in the drop at 45 hpi did not influence the rate of blastocyst development of either 'slow' or 'fast' embryos in group culture compared with their individually cultured counterparts (data not shown). The 'slow' embryos benefited from the vicinity of more than two blastocysts at 168 hpi and this was even more pronounced at 192 hpi (Fig. 4 , parts 3E and F). For 'fast' embryos, however, if less than three of the embryos in the group had developed into a blastocyst at 192 hpi, the chance of that particular embryo becoming a blastocyst compared with individually cultured 'fast' embryos was significantly reduced (Fig. 5 , part 3F).
Experiment 2: effect of non-cleaved embryos in group culture
Removal of non-cleaved embryos from the culture, with or without regrouping the cleaved embryos afterwards, did not influence embryo cleavage at 45 hpi. Similarly, no differences were observed in the proportions of 'fast' (five to eight cells) and 'slow' embryos (two to four cells; Table 4 ). Blastocyst development at 168 and 192 hpi was likewise not affected. However, a higher hatching rate was observed at 192 hpi when the cleaved embryos were regrouped after removal of the non-cleaved embryos compared with the control. No differences in blastocyst quality could be observed between the groups in terms of TCN, ICM-ratio or ACR (Fig. 6) 
Discussion
In this study, two commercially available group culture systems, Corral dishes and Primo Vision dishes, were compared using bovine embryos and following the development of individual embryos. The results clearly showed that Primo Vision dishes were advantageous compared with culture in Corral dishes or culture of individual embryos in terms of both the development and quality of the embryos. Moreover, embryo development in Primo Vision dishes was not different from that in a classical group culture system, thereby allowing the conclusion that Primo Vision dishes combine the benefits of both group and individual culture of mammalian embryos. There are several possible explanations for the improved embryo development in Primo Vision as compared with Corral culture dishes. First is the higher density of embryos in the Primo Vision dishes, as given in Table 1 . For bovine and mouse embryos, an embryo density of one embryo per 2 ml medium has been described as the optimum density to maximise the effects of autocrine factors (Kato & Tsunoda 1994 , Palasz & Thundathil 1998 . Second, the smaller inter-embryo distance in Primo Vision vs Corral dishes is advantageous (Table 1) . Gopichandran & Leese (2006) described an inter-embryo distance of 165 mm as being optimal for blastocyst formation of bovine embryos. Third, the microwells in the Primo Vision dish contribute to more efficient autocrine communication between embryos. Group culture with individual follow-up in microwells was shown to significantly improve the developmental potential of such group-cultured embryos (Vajta et al. 2000 , Hoelker et al. 2009 ). This improvement was not strictly related to the dish used since individual culture of bovine embryos in Primo Vision dishes at a rate of one embryo per 30 ml medium did not result in blastocyst development (data not shown).
It is generally accepted that WOW culture provides a good compromise between the controversial needs of large volume (nutrition and dilution of toxic components) and small volume (concentration of autocrine factors) of a culture medium. In a recent study, which used a mathematical model to calculate the concentration of secreted materials surrounding the embryo, Matsuura (2014) has demonstrated that, when embryos are cultured in microwells, a higher concentration of secreted macromolecules (autocrine factors) and better diffusion of detrimental small molecules, such as ammonia, can be expected compared with the situation in conventional culture systems. In microwells, the direction of such diffusion is restricted to the vertical dimension, whereas in conventional systems diffusion is facilitated both vertically and horizontally, a reduced concentration of autocrine factors around the embryos can be expected. 
E Wydooghe and others
Although group culture is used extensively for mammalian embryos, there are no data available on the possibly negative effects of arrested or delayed embryos being cultured in the same drop as a normal embryo. Nor is there any evidence of which embryos benefit most from the group culture effect. In this study, however, it was possible to demonstrate that blastocyst development in Primo Vision dishes is not different from classical group culture, but is significantly better than individual culture. This beneficial outcome resulted mainly from a higher rate of blastocyst development from 'slow' embryos which did much better in the Primo Vision dish than in individual culture. Concern could arise due to more low-grade embryos developing to the blastocyst stage thereby implying that such blastocysts could be of lower quality. As embryo development in vitro is slower than that in vivo (Van Soom et al. 1997) , 'fast' developing embryos have, historically, been preferred instead of 'slow' embryos. However, recent data from mice surprisingly cast doubt on this hypothesis. Namely 'slow' embryos are more in vivolike with respect to genomic imprinting and expression of metabolic markers. 'Fast' embryos, on the other hand, show a loss of genomic imprinting, perhaps because the kinetics of high cleavage rates leaves insufficient time to ensure the correct passage of epigenetic information (Velker et al. 2012) .
When studying the influence of the 'neighbours', it appears that the number of these does not hamper an embryo's potential to reach the blastocyst stage. This is in agreement with the previous study of Stokes et al. (2005) , who could not demonstrate a significant effect on blastocyst development of a porcine embryo's position in a 4!4 grid. More importantly, it appears to be the developmental stage of the neighbours, and more specifically their development after 45 hpi, which positively affects the outcome of a particular embryo. A markedly higher percentage of 'slow' embryos had developed into blastocysts by 192 hpi if they had been surrounded by many embryos that had also developed into blastocysts at 168 or 192 hpi, when compared with 'slow' embryos cultured individually. This supportive effect of group culture is presumably related to the production of autocrine factors, although the identity of most of these autocrine embryonic factors remains unknown.
For some growth factors, such as basic fibroblast growth factor (bFGF), insulin-like growth factor 1 (IGF1) and IGF2, interferon, platelet-derived growth factor alfa and transforming growth factor beta (TGFb), it has been demonstrated that the appropriate mRNA is expressed in bovine preimplantation embryos (Watson et al. 1992) . However, no studies have yet confirmed the presence of these growth factor proteins or of other potential autocrine factors, in culture medium conditioned by bovine embryos. To date only stress-related proteins have been identified (Wydooghe et al. 2011b) . In contrast, some secreted factors have already been identified for cultured human embryos and these can be used as biomarkers for embryo selection. The phospholipid, platelet activation factor (PAF), was the first molecule identified in human embryo-conditioned medium, and now it has also been demonstrated in the culture medium of murine, sheep, rabbit and hamster embryos where it stimulates embryo metabolism, cellcycle progression and embryo viability (reviewed by O'Neill (2005)). Furthermore, the level of PAF produced by human preimplantation embryos in culture medium is positively correlated with pregnancy rate in women (Roudebush et al. 2002) . Other proteins secreted by human embryos into the culture medium include soluble human leucocyte antigen-G (Noci et al. 2005 , Sher et al. 2005 and ubiquitin (Katz-Jaffe et al. 2006) , the latter factor being correlated with on-going blastocyst development. Ubiquitin is a component of the ubiquitin-dependent proteasome system which is involved in a number of physiological processes in somatic cells, including transcription (reviewed by Geng et al. (2012) ) and apoptosis (reviewed by Jesenberger & Jentsch (2002) ). Further research is needed to determine its importance as an autocrine factor, as well as to identify other autocrine factors in embryo culture medium.
In this study we showed that bovine embryos that did had not cleaved by 45 hpi did not negatively affect the potential of embryos in the same group to become blastocysts at 192 hpi, irrespective of whether the embryo in question was a 'fast' or a 'slow' one. Furthermore, removing the non-cleaved embryos did not increase blastocyst development nor blastocyst quality; although regrouping the cleaved embryos after uncleaved embryo removal was able to increase their Strengths and weaknesses of group culture hatching rate. Neira et al. (2010) have shown that some of the growth factors of which Watson et al. (1992) identified the mRNA in bovine embryos can facilitate the hatching of bovine blastocysts when added to the culture medium (e.g. IGF1, bFGF and TGFb). Care should be taken when 'fast' embryos are group cultured and only a few of the surrounding embryos reach the blastocyst stage as this could compromise blastocyst development compared with individually cultured 'fast' embryos. 'Fast'developing embryos may be more sensitive to the negative effects of metabolic by-products such as ammonia or lactate or to depletion of necessary substrates by other embryos (Reed et al. 2011) . Our present findings indicate that removing 'fast' embryos from a Primo Vision dish for subsequent culture individually may be beneficial whereas 'slow' embryos should remain in the group culture to yield a bigger number of blastocysts.
In summary, our results demonstrated that culturing bovine embryos in small groups in Primo Vision dishes provides an excellent system that combines the benefits of group and individual culture, leads to a similar rate of embryo development compared with classical group culture and gives better embryo development and quality than individual culture or culture in Corral dishes. When more than one-third of neighbouring embryos developed into blastocysts at 192 hpi, 'slow' embryos had a higher chance of becoming a blastocyst in comparison with individual culture (48.2%; OR: 2.3). Whereas, when !30% of the neighbouring embryos reached the blastocysts stage, blastulation of 'fast' embryos was less efficient than in individual culture (33.3%; OR: 0.3). The study also showed that the net outcome of group culture of bovine embryos in Primo Vision dishes is advantageous compared with individual culture, giving a higher blastocyst development rate and improved blastocyst quality. Further research is needed to extrapolate these observations to human embryos.
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